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VI Issues Encountered, con’t.VI Issues Encountered, con’t.VI Issues Encountered, con’t.VI Issues Encountered, con’t.

• Consultant Issues:

� Using RBSLs for soil gas for sub-slab or vice-versa.
� Using screening levels as clean-up criteria
� Using non-cancer screening levels for carcinogens
� Using wrong exposure times
� Proposing indoor air sampling before evaluating if 

the VI pathway is complete
� Incorrect construction of soil gas sampling points

• Unit Confusion:

� Assuming ug/L equivalent to ppbv

� Assuming ug/m3 equivalent to ppbv

� Not knowing how to go from ug/m3 to ug/L
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“Top Ten” List of VI Issues “Top Ten” List of VI Issues “Top Ten” List of VI Issues “Top Ten” List of VI Issues 

EncounteredEncounteredEncounteredEncountered

• Reviewer/Agency Issues:

� Requiring soil gas data be acquired even though soil and 
groundwater is clean enough to screen out site

� Requiring all soil gas samples to be collected in Summa canisters 
and analyzed by TO-15 when TO-14, 8260 or 8021 ok.

� Using guidance for petroleum hydrocarbon issue that was 
written for chlorinated hydrocarbons.

� Setting inconsistent clean up levels

� Not permitting SVE systems to be shut off prior

to collecting soil gas samples

� Requiring deep soil gas samples
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VI Issues Encountered, con’t.VI Issues Encountered, con’t.VI Issues Encountered, con’t.VI Issues Encountered, con’t.

• Work Plan Issues:

� Work plans submitted for VI work not needed

� Too many samples recommended for 

� Not specifying collection of samples in upper part of vadose

zone (e.g., 5’ bgs) to demonstrate bioattenuation

� Analyzing compounds that were never used 

at the site.

� Not analyzing for fixed air gases

� Not using correct analytical method to achieve

needed detection limits
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VI Issues Encountered, con’t.VI Issues Encountered, con’t.VI Issues Encountered, con’t.VI Issues Encountered, con’t.

• Soil Gas Probe Installation Issues:

� Using wrong tubing type 

� Pinching off tubes incorrect completion

� Not collecting an equipment blank

� Type of tubing used

• Consultant Field Sampling Issues:

� Not opening Summa canisters or Tedlar bags

� No experience with swagelok connectors

� Applying too much liquid tracer

� Returning Summa canisters with 0 pressure

� Lack of attention to chain of custody details

� Bore hole clearance:  hand auger/airknife

50 ft tubing test50 ft tubing test50 ft tubing test50 ft tubing test----BenzeneBenzeneBenzeneBenzene
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VI Issues Encountered, con’t.VI Issues Encountered, con’t.VI Issues Encountered, con’t.VI Issues Encountered, con’t.

• Probe installation:  ground disturbance issues mean no 
direct push methods can be used

• Avoid air knife

• Sampling open bore holes

• Emergency Response

G.T. Ririe, 2013



VI Issues Encountered, con’t.VI Issues Encountered, con’t.VI Issues Encountered, con’t.VI Issues Encountered, con’t.

• Smaller samples are better; including Summa canisters

• Flow rate can easily be monitored using hand held syringe

• Tedlar bags have maximum holding time of about 3 days 
for benzene and 2 days for TEX
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Methane:  Potential Safety HazardMethane:  Potential Safety HazardMethane:  Potential Safety HazardMethane:  Potential Safety Hazard

• ColorlessColorlessColorlessColorless----odorless gas:  CH4odorless gas:  CH4odorless gas:  CH4odorless gas:  CH4

• UbiquitousUbiquitousUbiquitousUbiquitous

• Value in Air:  1.8 ppmvValue in Air:  1.8 ppmvValue in Air:  1.8 ppmvValue in Air:  1.8 ppmv

• Lower Explosive Limit: 50,000 ppmv Lower Explosive Limit: 50,000 ppmv Lower Explosive Limit: 50,000 ppmv Lower Explosive Limit: 50,000 ppmv 

• Upper Explosive Limit:  150,000 ppmvUpper Explosive Limit:  150,000 ppmvUpper Explosive Limit:  150,000 ppmvUpper Explosive Limit:  150,000 ppmv

• Main component of natural gas Main component of natural gas Main component of natural gas Main component of natural gas 

• Most abundant organic compound on Earth  Most abundant organic compound on Earth  Most abundant organic compound on Earth  Most abundant organic compound on Earth  

• Methanogenesis:  COMethanogenesis:  COMethanogenesis:  COMethanogenesis:  CO
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• Fermentation:  Biogas from biodegradable organic matter:  Fermentation:  Biogas from biodegradable organic matter:  Fermentation:  Biogas from biodegradable organic matter:  Fermentation:  Biogas from biodegradable organic matter:  

LandfillsLandfillsLandfillsLandfills

• Global Warming:  Current Biology publication suggests Global Warming:  Current Biology publication suggests Global Warming:  Current Biology publication suggests Global Warming:  Current Biology publication suggests 

flatulence from dinosaurs may have warmed the Earth!flatulence from dinosaurs may have warmed the Earth!flatulence from dinosaurs may have warmed the Earth!flatulence from dinosaurs may have warmed the Earth!
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Methane:  Site Data Required to Assess Methane:  Site Data Required to Assess Methane:  Site Data Required to Assess Methane:  Site Data Required to Assess 

Hazard and Determine if Action is NeededHazard and Determine if Action is NeededHazard and Determine if Action is NeededHazard and Determine if Action is Needed

• Source concentrationSource concentrationSource concentrationSource concentration

• VolumeVolumeVolumeVolume

• PressurePressurePressurePressure

• Transport/Preferential PathwaysTransport/Preferential PathwaysTransport/Preferential PathwaysTransport/Preferential Pathways

• DilutionDilutionDilutionDilution

• BioBioBioBio----attenuationattenuationattenuationattenuation

The presence of methane in soil gas does not mean there is a hazardThe presence of methane in soil gas does not mean there is a hazardThe presence of methane in soil gas does not mean there is a hazardThe presence of methane in soil gas does not mean there is a hazard

Modified from J. Sepich, 2012Modified from J. Sepich, 2012Modified from J. Sepich, 2012Modified from J. Sepich, 2012
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What Homeowners and What Homeowners and What Homeowners and What Homeowners and Companies Companies Companies Companies 

Do NOT WantDo NOT WantDo NOT WantDo NOT Want

G.T. Ririe, 2013



Soil Gas Sampling Results

Site 1

Sample depth  Methane (ppmv)

1. Subslab 0.5 ft 12

2. Subslab 3 ft 8,300

3. Outside 1ft 1,700

4. Outside 3ft 180,000

Site 2

Sample depth   Methane (ppmv)

1. Subslab 0.5 ft <10

2. Subslab 3 ft 11,000

3. Outside 1ft 45

4. Outside 5ft 120,000

G.T. Ririe, 2013



Isotech Gas Data:  High CH4 Sample 

• O2 = 2.54%

• CO2 = 35.19%

• N2 = 38.9%

• C1 = 22.9%

• C2 through C6+ = 0%

• Delta 13C1 = -57.18 per mil

• Delta DC1 = -328.4 per mil

•
14C pMC = 109%

G.T. Ririe, 2013



Sources Sources Sources Sources of Methane in the Subsurfaceof Methane in the Subsurfaceof Methane in the Subsurfaceof Methane in the Subsurface

− Methane Methane Methane Methane from biodegradation of petroleum from biodegradation of petroleum from biodegradation of petroleum from biodegradation of petroleum is is is is characterized bycharacterized bycharacterized bycharacterized by:

− Lack of significant concentrations of ethane and propane

− CO2 / methane ratios between 0.3 and 0.6

− Relationship between carbon isotope ratio of CO2 and 

− methane concentration

− C14 age > 50,000 years old

− ‘‘‘‘Swamp’ gas of poorly identified source can also be Swamp’ gas of poorly identified source can also be Swamp’ gas of poorly identified source can also be Swamp’ gas of poorly identified source can also be 

distinguished by Cdistinguished by Cdistinguished by Cdistinguished by C----14 age14 age14 age14 age

− Thermogenic methane can be distinguished by molecular Thermogenic methane can be distinguished by molecular Thermogenic methane can be distinguished by molecular Thermogenic methane can be distinguished by molecular 

compositioncompositioncompositioncomposition

− Geologic considerations and stable isotope

ratios may be needed 

Modified from R.E. Sweeney, 2011Modified from R.E. Sweeney, 2011Modified from R.E. Sweeney, 2011Modified from R.E. Sweeney, 2011
G.T. Ririe, 2013



Near Surface
Microbial Gas

Thermogenic Gas
Sub-Surface
Microbial Gas

SG4-3
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PVI  Case StudiesPVI  Case StudiesPVI  Case StudiesPVI  Case Studies



Probe 
Used

Case Study: How NOT to Do a PVI Investigation!





Table 5

1200 ug/L = 1,200,000 ug/m3

CA-EPA 1 e-5 allowable benzene value: 4.2 ug/m3



1



Benzene is a carcinogen!





CA allowed 
Level for 
Benzene:
~1 ppbv 





PVI PVI PVI PVI AssestmentAssestmentAssestmentAssestment NeededNeededNeededNeeded----: Former Refinery, : Former Refinery, : Former Refinery, : Former Refinery, 

Free Product, Odors in BuildingFree Product, Odors in BuildingFree Product, Odors in BuildingFree Product, Odors in Building

1. Odors reported in new bldg2. Free product on site

3. Sheening present

4. Sampling VI pathways 5. Sampling room with odors 6. Avoided This!



Gasoline Pipeline Spill in NeighborhoodGasoline Pipeline Spill in NeighborhoodGasoline Pipeline Spill in NeighborhoodGasoline Pipeline Spill in Neighborhood

Field Lab:  Basement:  1165; 1st Floor:  
122 ppbv/ Cannister:  1st Floor:  470 ppbv

Other homes: at or below ambient (6.4 ppbv measured) 

Emergency Response Clean Up

Dune sands Look
Who showed 

up! 



Retail Site in Residential AreaRetail Site in Residential AreaRetail Site in Residential AreaRetail Site in Residential Area



Soil Gas (18 inch depth) assessment dataSoil Gas (18 inch depth) assessment dataSoil Gas (18 inch depth) assessment dataSoil Gas (18 inch depth) assessment data

18 inch soil gas sample
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Soil Gas Sample Locations (2 ft and 4 Soil Gas Sample Locations (2 ft and 4 Soil Gas Sample Locations (2 ft and 4 Soil Gas Sample Locations (2 ft and 4 

ft)ft)ft)ft)



SubslabSubslabSubslabSubslab Soil Gas Data (Soil Gas Data (Soil Gas Data (Soil Gas Data (ugugugug/m3 benzene)/m3 benzene)/m3 benzene)/m3 benzene)
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Conclusions:  Conclusions:  Conclusions:  Conclusions:  SubslabSubslabSubslabSubslab Soil Gas SamplingSoil Gas SamplingSoil Gas SamplingSoil Gas Sampling

� The results provided statistical evidence that benzene 
concentrations inside the study area and outside the study area 
are not significantly different, and that benzene concentrations 
found in garage samples are higher than those in non-garage 
samples (primarily collected from living spaces) 

� The resulting benzene background threshold values range from 
12 µg/m3 (for non-garage samples outside the study area) to 15 
µg/m3 (for all benzene data).  These benzene concentrations 
correspond to cancer risk estimates ranging from 1x10-6 to 2x10-

6, respectively, thus providing statistical evidence that 
background benzene levels in sub-slab are at or above the 
OCHCA risk management range level of 1x10-6



Typical House Typical House Typical House Typical House SubslabSubslabSubslabSubslab InvestigationInvestigationInvestigationInvestigation



SubslabSubslabSubslabSubslab SampleSampleSampleSample---- Garage Garage Garage Garage 

Note bentonite sealNote bentonite sealNote bentonite sealNote bentonite seal

and syringe sampleand syringe sampleand syringe sampleand syringe sample



SubslabSubslabSubslabSubslab SampleSampleSampleSample---- Interior of HomeInterior of HomeInterior of HomeInterior of Home



BBQ Grill With Natural Gas ConnectionBBQ Grill With Natural Gas ConnectionBBQ Grill With Natural Gas ConnectionBBQ Grill With Natural Gas Connection



SubslabSubslabSubslabSubslab Sample Results:  Home with Sample Results:  Home with Sample Results:  Home with Sample Results:  Home with 

Leaking Natural Gas PipelineLeaking Natural Gas PipelineLeaking Natural Gas PipelineLeaking Natural Gas Pipeline

Analyte BBQ Garage Patio Garage #2 Closet

methane 40% 90% 100% nd (0.1%) nd (0.1%)

ug/m3 ug/m3 ug/m3 ug/m3 ug/m3
n-hexane 1700 2000 10000 nd (15) nd (15)
cy-hexane 750 5500 12000 nd (20) 21
n-heptane 460 710 3100 nd (50) nd (50)
benzene 270 340 1900 6.5 7.9
toluene 150 110 120 44 62
xylenes 40 105 177 113 33
tri-methyl benzene 3 85 25 110 nd (10)
tri-methyl pentane nd (200) 300 nd (200) nd (20) nd (20)



The The The The Final Solution?Final Solution?Final Solution?Final Solution?

Excavation within cellExcavation within cellExcavation within cellExcavation within cell Clean backfillClean backfillClean backfillClean backfill

SVE Prior to DigSVE Prior to DigSVE Prior to DigSVE Prior to Dig SVE SVE SVE SVE Still RunningStill RunningStill RunningStill Running


